The delafossite structure of NaYbS 2 contains a planar spin-1/2 triangular lattice of Yb 3+ ions and features a possible realisation of a quantum spin-liquid state. We investigated the Yb 3+ spin dynamics by Electron Spin Resonance (ESR) in singlecrystalline samples of NaYbS 2 . Very clear spectra with a well-resolved and large anisotropy could be observed down to the lowest accessible temperature of 2.7 K. In contrast to the ESR properties of other known spin-liquid candidate systems, the resonance seen in NaYbS 2 is accessible at low fields (< 1T) and is narrow enough for accurate characterisation of the relaxation rate as well as the g factor of the Yb 3+ spins.
Introduction
Frustrated spin systems, in particular spins on a triangular lattice, were early on discussed to harbour a quantum spin-liquid (QSL) state [1, 2] . Despite the large amount of experimental and theoretical work on the QSL state [3] , there is still no consensus on its existence because the experimental confirmation of a QSL state still remains controversial. Two key features for a QSL state, namely the absence of magnetic order and persisting magnetic fluctuations down to lowest temperatures, have been found for organic triangular-lattice solids [4, 5, 6] as well as for solid-state Kagome [7] or hyperKagome systems [8] .
Charge-neutral excited states of a spin liquid lead to a constant magnetic susceptibility and a heat capacity which is linear in temperature. These features, usually associated with metals, are found in various insulating QSL model systems. Therefore, besides verifying the absence of magnetic order at comparatively low temperatures, studying magnetic excitations directly with spin-sensitive probes is one promising way to identify a QSL state in a material. It was shown that Electron Spin Resonance (ESR) is an appropriate low-energy, local spectroscopic probe for spinons in a QSL with significant spin-orbit coupling [9] . It is expected that cooling towards temperatures which correspond to the exchange energy leads to a broadening of the spinon resonance.
Several QSL candidate materials have been investigated by ESR [10, 11, 12, 13] . Noteworthy, the Yb 3+ -ESR in the triangular lattice system YbMgGaO 4 was investigated in great detail [13, 14, 15] . However, the random Mg/Ga occupancy in the layers around the YbO 6 octahedra [15] leads to broadened crystal field excitations and an associated considerable broadening of the ESR line. Thus, the spectra could not be fully resolved which impeded a reliable extraction of the line parameters [13] .
The recently explored NaYbS 2 is unique for it is hosting an effective spin-1/2 quantum magnet on a perfect triangular lattice with no inherent structural distortions and atomic site disorder [16] . The planar triangular spin arrangement in the delafossite structure allows for a strongly anisotropic quasi-twodimensional magnetism which shows no long-range magnetic order at least down to 260 mK. We report a clear Yb 3+ spin resonance which is well-resolved and thus provides important local information of the Yb 3+ g factor and spin dynamics.
Experimental

Electron Spin Resonance
Electron Spin Resonance (ESR) probes the absorbed power P of a transversal magnetic microwave field b mw as a function of an external magnetic field µ 0 H = B. To improve the signal-to-noise ratio, a lock-in technique is used by modulating the static field, which yields the derivative of the resonance signal dP /dB. The ESR experiments were performed at X-band frequencies (ν=9.4 GHz) using a continuous-wave ESR spectrometer. The sample temperature was set with a helium-flow cryostat allowing for temperatures between 2.7 and 300 K [17] . The obtained spectra were fitted by a Lorentzian line shape yielding the parameters linewidth ∆B which is a measure of the spin-probe relaxation rate, and resonance field B res which is determined by the effective g-factor (g = hν/µ B B res ) and internal fields. The ESR intensity I ESR is determined by the static spin-probe susceptibility χ ESR along the microwave magnetic field. Thus, I ESR provides a direct microscopic probe of the sample magnetization. I ESR is related to the integrated ESR absorption I A as I ESR = I A g where g is the g-value component along B [18] . I A was calculated using the line amplitude and line width as reported earlier [19] .
Sample preparation and characterisation
NaYbS 2 crystallises in a delafossite structure with trigonal R3m symmetry featuring two layers of triangular lattices. The Na + ions reside in the "A site" layer whereas the Yb 3+ ions are located in YbS 6 octahedra within the "B site" layer. Yb 3+ occupies a single crystallographic site with3m symmetry, i.e. a site with inversion symmetry [20] , in contrast to YbMgGaO 4 where it resides on a 3m site without inversion symmetry [13] .
The ESR experiments were performed on crystals of NaYbS 2 (two batches) and on polycrystals (one batch). Crystals and polycrystalline samples were obtained via different reaction routes; the latter may contain small amounts of Yb 2 O 2 S as impurity phase [16] . As shown in Fig. 1 the two crystal batches mostly differ in the size of the crystals: they are transparent green-yellowish thin (100 µm) platelets with dimensions of 2 × 1 mm 2 ("crystal 1") and 0.3 × 0.3mm 2 ("crystal 2"). The larger one shows black thin lines which indicate macroscopic domains due to crystals growing on top of each other.
Results
Typical ESR spectra are shown in Fig. 1 . It is worth to note that all the spectra show very clear amplitudes and relatively narrow linewidths as compared to the ESR spectra of YbMgGaO 4 [13] . The spectra of the single crystals show a large anisotropy, as determined by the magneto-crystalline anisotropy of Yb 3+ in a uniaxial crystalline-electric field, similar to what has been observed in various other Yb-systems [21, 22, 23, 18] . The spectra of the polycrystals do not depend on the orientation of the field -as expected for arbitrarily oriented microcrystallites. In order to rule out any contribution to the ESR from Yb 2 O 2 S we measured this phase separately and found no resonance line.
The narrow ESR spectra of the small crystal 2 can be well fitted with two Lorentzian lines. The lower right frame of Figure 1 shows a typical example for this double line fitting which works very well for both B⊥c and B c directions. The resonance field of each line is the same which indicates that the Yb 3+ spins corresponding to each line are locally in the same crystalline electric field environment. The line parameters linewidth ∆B and intensity I differ by a ratio which is constant at least for temperatures below 30 K: I 1 /I 2 = 0.76, ∆B 1 /∆B 2 = 1/3. That means, assuming all probes having the same effective magnetic moment, that around 57 % of all spin probes have a larger linewidth. The reasons for the presence of two lines are not obvious. Two lattice site positions of Yb ions can be ruled out since they are located at one crystallographic site only ("B site"). Any breaking of lattice symmetry leads to additional relaxation channels and therefore the presence of crystalline domains should be taken into account in understanding the two linewidths. Another possibility for the presence of two lines might be a buckled arrangement of the YbS 6 octahedra in the triangular layer. Such buckling may be revealed by low-temperature X-ray data which, however, are not available yet.
The temperature dependence of the ESR linewidth ∆B(T ) is shown in Fig. 2 . Two regions of temperature behavior can be identified. For temperatures above ≈ 30 K the ESR linewidth broadens due to spin-orbit coupling and the modulation of the ligand field by lattice vibrations. The red dashed lines describe the data with ∆B ∝ 1/ exp(∆/T ) − 1 which corresponds to an Orbach process, i.e. crystalline-electric field splitting of electronic states at an energy ∆ above the ground state are involved in the relaxation [24, 25] . We obtained ∆ = 198 ± 30 K for all investigated samples. This elevated ∆-value justifies the scenario of an effective spin-1/2 state for the lowtemperature regime in agreement with the spin-1/2 entropy of R ln 2 found in specific heat results below ≈ 30 K. The increase of ∆B(T ) towards low temperatures indicates a growing influence of spin correlations. This was as observed, for instance, in detailed ESR measurements of the delafossite PdCrO 2 for temperatures approaching the magnetic ordering of the Cr 3+ spins. There, the ESR linewidth could verify a Z 2 -vortex ordering scenario for triangular Heisenberg antiferromagnets [26] . For NaYbS 2 , where no magnetic order was observed, a power law increase ∆B(T ) ∝ 1/T 3/4 seems reasonable for all investigated samples as shown in the inset of Fig. 2 . Such power law behavior indicates a suppression of exchange narrowing by classical critical fluctuations of a 3D order parameter [27] .
In order to characterize the anisotropy of the spin dynamics we consider the relaxation rate Γ which is determined by Γ = ν∆B/B res (middle and lower frame of Fig.  2 ). The rate Γ ⊥ for in-plane field direction is clearly smaller than the out-of-plane rate Γ -a result which is also found for the 11 Na-NMR relaxation rates for corresponding field directions. The anisotropy Γ ⊥ /Γ shows no clear temperature dependence down to 2.7 K within experimental error. The ESR intensity I ESR ≡ χ ESR is a direct measure of the spin probe magnetic susceptibility along the direction of the microwave magnetic field b mw [18] . Figure 3 shows its temperature dependence together with the g factor for in-and out-of-plane directions of the external magnetic field. The dashed lines correspond to a Curie-Weiss behavior χ −1 ESR ∝ (T + θ). The Weiss temperature θ is roughly the same for both directions of b mw . The indicated values θ = 15.2 K and θ ⊥ = 14.8 K are the values used to fit the temperature dependence of the g factor in the lower frame of Fig. 3 . There the dashed lines refer to a molecular magnetic field description of the anisotropic Yb-Yb interaction [18, 28, 29] providing a link between the g-factor and the exchange anisotropy which is reflected in θ ⊥ − θ :
(1)
We obtained g 0 ⊥ ≈ 3.18 and g 0 ≈ 0.58 for the adjustable parameters in good agreement with the values describing the anisotropy. Hence, the weak temperature dependence of g(T ) demonstrates a small difference θ ⊥ − θ that cannot be resolved in the χ ESR (T ) data. 
Discussion and Summary
The presented ESR studies of NaYbS 2 provide the first results for the local magnetic properties at the Yb 3+ sites. The clearly observed uniaxial anisotropy of the g factor ( Fig. 1) as well as the exponential linewidth increase (Fig. 2) are clear effects of the crystalline electric field that is locally acting on the Yb 3+ moments. These are centered in edge-sharing, tilted YbS 6 octahedra giving rise to quasi-2D triangular layers of Yb 3+ ions. For this environment the J = 7/2 state of the Yb 3+ ion is characterized by the measured values g and g ⊥ given in Fig. 3 . It is worth to note that the static magnetic susceptibility χ shows the same uniaxial symmetry as the ESR g factor, see Fig. S8 in [16] . However, the anisotropy of χ is much weaker even if (ESR-silent) Van-Vleck paramagnetic contributions were taken into account [16] . The small difference θ ⊥ − θ in the Weiss temperatures obtained from the g factor temperature dependence (Fig. 3) is a measure of the anisotropy in the exchange interaction J aniso between the Yb 3+ spins. This anisotropy leads to a broadening of the line in contrast to the isotropic exchange J iso which is responsible for the exchange narrowing mechanism [30] . With the notation and values as used in Refs. [13, 16] we obtained J iso = (4J +− + J zz )/3 = 6.4 K. A rough estimate for the anisotropy broadening according to ∆B aniso ∝ J 2 aniso /J iso with J aniso ∝ |θ − θ ⊥ | = 0.4 K yields ≈ 18 mT. This value is large compared to the maximal estimations for hyperfine-(∆B h = 0.7 mT) and dipolar broadening (∆B d = 0.03 mT) [13] using the nearest-neighbour Yb-distance of NaYbS 2 [16] . Hence, in NaYbS 2 the observed linewidth, reaching the smallest value of 28 mT for B⊥c at 20 K, is largely due to a broadening from anisotropic exchange interactions. Theoretical estimations of the anisotropic exchange parameters from linewidth data should be possible by taking the bonding geometry between neighbouring Yb spins into account. This was done for the bond-dependent exchange in LiCuVO 4 , for instance [31] , and will be subject of detailed future investigations.
As a summary the static and dynamic magnetic properties of NaYbS 2 can be nicely investigated by probing locally the Yb 3+ magnetic moments by ESR. The g values, local susceptibility and the magnetic anisotropy could be determined with an accuracy much higher than so far reported for other spin-liquid candidate compounds [10, 11, 12, 13] . The observed behavior of the linewidth down to temperatures of 3 K (inset of Fig. 2) as well as the temperature independence of the anisotropy in the spin dynamics (Fig. 2) should provide important informations for a microscopic picture of the putative quantum spin-liquid state in NaYbS 2 [16] .
